Background and Aims The advantage of clonal integration (resource sharing between connected ramets of clonal plants) varies and a higher degree of integration is expected in more stressful and/or more heterogeneous habitats. Clonal facultative epiphytes occur in both forest canopies (epiphytic habitats) and forest understories (terrestrial habitats). Because environmental conditions, especially water and nutrients, are more stressful and heterogeneous in the canopy than in the understorey, this study hypothesizes that clonal integration is more important for facultative epiphytes in epiphytic habitats than in terrestrial habitats.
INTRODUCTION
Forest canopies possess an indispensable proportion of biodiversity, and are attracting increasing concerns from ecologists (Ellwood and Foster, 2004; May, 2010; Nadkarni et al., 2011; Lowman and Schowalter, 2012) . One important component of canopy biodiversity is the presence of epiphytes (obligate or facultative; Lowman and Schowalter, 2012; Zotz, 2013b) , but how epiphytes adapt to forest canopies remains one of the key questions in canopy ecological research (Helbsing et al., 2000; Zotz and Hietz, 2001; Benzing, 2004; Reyes-Garcia et al., 2012) . One notable pattern is that almost all non-vascular epiphytes (e.g. bryophytes; Jackson et al., 1985; de Kroon and van Groenendael, 1997) and many vascular epiphytes (e.g. orchids, bromeliads, lycophytes and ferns; Dubuisson et al., 2003; Duivenvoorden et al., 2005; Wolf et al., 2009; Mondragón and Ticktin, 2011; Tetsana et al., 2014) are capable of clonal growth. However, how clonal traits such as physiological integration affect the adaptation of epiphytes to forest canopies is virtually unknown.
Facultative epiphytes grow in both forest canopies and forest understories (Benzing, 2004; Zotz, 2013a) . Many facultative epiphytic ferns grow in the interstices of bark and in the junctions of tree trunks and branches of trees in forest canopies (epiphytic habitat) and also in the soil of forest understories (terrestrial habitats). Compared with terrestrial habitats, such epiphytic habitats have a smaller storage capacity for water and nutrients and lower physical stability with regard to airflow, and breakage of branches (Laube and Zotz, 2003; Cardelús and Mack, 2010; Lowman and Schowalter, 2012; Mondragón et al., 2015) . Also, the availability of water and nutrients is more variable and less predictable in epiphytic habitats than in terrestrial habitats (Benzing, 2004; Winkler and Zotz, 2010; Li et al., 2014; Mondragón et al., 2015) . Furthermore, epiphytic habitats are characterized by more extreme fluctuations in moisture and temperature, higher light levels, higher wind speed, and more severe and variable vapour pressure deficits compared with terrestrial habitats (Théry, 2001; Zotz and Hietz, 2001; Lowman and Schowalter, 2012) . Thus, environmental conditions are usually harsher and more heterogeneous in such epiphytic habitats (i.e. the interstices of bark and the junctions of tree trunks and branches) than in terrestrial habitats (Théry, 2001; Zotz, 2003, 2006; Lowman and Schowalter, 2012) .
Physiological integration (translocations of photosynthates, water or nutrients between ramets interconnected by stolons, rhizomes or roots) is a key clonal trait that helps clonal plants to survive, grow and spread in stressful and/or heterogeneous environments (Jónsdóttir and Watson, 1997; Hutchings and Wijesinghe, 2008; Janeček et al., 2008; Yu et al., 2008; Xu et al., 2012; Song et al., 2013) . In harsher or more heterogeneous environments, clonal plant species or genotypes with a higher degree of physiological integration are expected to be advantageous (Caraco and Kelly, 1991; Jónsdóttir and Watson, 1997; Alpert et al., 2003; D'Hertefeldt et al., 2014) . Indeed, genotypes of the stoloniferous herb Duchesnea indica growing at higher (more stressful) altitude showed a higher degree (effect) of integration than those growing at lower (less stressful) altitude (Chen et al., 2006) , and genotypes of the stoloniferous herb Fragaria chiloensis from more heterogeneous dune habitats had a higher degree of integration than those from less heterogeneous grassland habitats (Alpert, 1999) . In both epiphytic and terrestrial habitats of some clonal facultative epiphytes that form large clones spanning a large distance, ramets growing in resource-poor microsites are very likely to be connected to and thus get support from ramets growing in resource-rich microsites (Cornelissen et al., 2014; Roiloa et al., 2014) , thereby increasing their survival and growth through clonal integration. As resources such as water and nutrients may be more limited and heterogeneously distributed in epiphytic than in terrestrial habitats, we expect that effects of clonal integration on survival and growth of facultative epiphytes are greater in epiphytic habitats (forest canopies) than in terrestrial habitats (forest understories).
The effects of clonal integration usually depend on the age of ramets (Hartnett and Bazzaz, 1983; Bullock et al., 1994) . As ramets establish and produce more leaves and roots, they become more independent of their parent ramets. Thus, with increasing age of offspring ramets, the strength of the source-sink relationship between parent and offspring ramets gradually decreases so that the degree of integration decreases (Hartnett and Bazzaz, 1983; Bullock et al., 1994) .
To test the effects of clonal integration on survival and growth of facultative epiphytes, we conducted two field experiments with the evergreen, facultatively epiphytic, rhizomatous fern Selliguea griffithiana in both epiphytic and terrestrial habitats in a montane moist evergreen broadleaved forest in southwest China. In these forests, precipitation occurs mostly in the wet season (May-October) , with drought in the dry season (November-April) when our experiments were conducted. The forest canopies are more stressful and heterogeneous with regard to water and available nutrients compared with the forest understories (Qi et al., 2012; You et al., 2013a, b, c; Li et al., 2014) . Specifically, we addressed the following questions: (1) Does clonal integration increase survival and growth of S. griffithiana in the dry season in the montane moist evergreen broadleaved forest? (2) Is such an effect greater in epiphytic habitats than in terrestrial habitats? (3) Do younger ramets benefit more from clonal integration than older ramets, and does such an effect depend on habitat?
MATERIALS AND METHODS
Selliguea griffithiana (Hooker) Fraser-Jenkins (Polypodiaceae), synonymous with Phymatopteris griffithiana (Hooker) Pichi Sermolli or Polypodium griffithianum Hooker, is widely distributed in south-east, east and south Asia (Li et al., 2012) . In the tropical and subtropical forests of southern and south-west China, S. griffithiana is evergreen with overwintering simple fronds. It is a facultatively epiphytic fern and grows in both epiphytic and terrestrial habitats (Zhang, 2012) . In epiphytic habitats S. griffithiana mainly inhabits interstices of bark and the junctions of tree trunks and branches (ramet height, 17Á82 6 0Á50 cm; frond length, 12Á08 6 0Á42 cm; mean 6 s.e., n ¼ 60), and in terrestrial habitats it grows in the soil or rocks of the forest understory (ramet height, 19Á87 6 0Á68 cm; frond length, 12Á48 6 0Á47 cm; mean 6 s.e., n ¼ 60). This fern can propagate via rhizomes (long-creeping rhizomes) and form vertical, perennial simple fronds (ramets) with adventitious roots (Flora of China, http://foc.eflora.cn/content.aspx?TaxonId¼ 250098769). The mean distance between adjacent ramets along a rhizome is 4Á21 6 0Á13 cm (mean 6 s.e., n ¼ 120). Both rhizomes and above-ground parts of ramets can last several years, and the rhizomes can remain connected even if above-ground parts of ramets die (our personal observations). The size of an interconnected clone varies greatly and depends on the age of the clone and the disturbance status of the forest. Violent disturbance by rodents, strong wind and storms can fragment the clones into different sizes, and fragmentation may also occur due to ageing. A clone of S. griffithiana may consist of several to hundred interconnected ramets spanning a few centimetres to several metres along trunks and branches of trees (our personal observations).
Study site
Montane moist evergreen broadleaved forests, characterized by high epiphyte abundance and high humidity (Cardelús et al., 2006; Larrea and Werner, 2010; Li et al., 2014) , are an important global vegetation type and occur mainly in subtropical mountains at high altitude in Yunnan Province, south-west China (Song et al., 2012) . The subtropical montane moist evergreen broadleaved forest in the Xujiaba region (24 32 0 N, 101 01 0 E; 2000-2600 m above sea level) in Yunnan province, China, is a core area of the Ailao Mountain National Natural Reserve, covering 5100 ha on the northern crest of the Ailao Mountains (Li et al., 2014) . The forest is influenced by the south-west monsoon and is exposed to frequent and intense wind and mist events throughout the year (Wu et al., 2014) . Mean annual precipitation in the forest is 1902 mm, with 1630 mm (86 %) falling during the wet season (May-October) and 272 mm (14 %) during the dry season (November-April; Supplementary Data Fig. S1 ; Wu et al., 2014) . The potential evaporation is 383Á7 mm in the wet season and 441Á5 mm in the dry season (You et al., 2013a, b, c) . Therefore, seasonal drought occurs in the dry season (You et al., 2013a, b, c) . Mean annual relative humidity is 85 % and annual mean air temperature is 11Á3
C (Li et al., 2014) . The soil under the forest is typically brown earth. The texture is loam with a pH of 3.6. A 3-to 7-cm litter layer covers almost all the soil surface . Our experiments were conducted in the dry season. In this study site, the forest canopy has strong effects on the understory micrometeorology (You et al., 2013a, b, c) . Temperature in the forest understory was 2Á4 C lower than outside, and maximal temperature was lower and the minimal temperature was higher in the forest understory than outside the forest. Understorey radiation components are greatly reduced by the forest canopy (You et al., 2013a, b, c) . The microclimatic observation systems (Hobo U30, Onset Computer Corp., Bourne, MA, USA) showed that from November to April (the dry season) leaf wetness in the forest canopy was lower than in the forest floor (t ¼ 4Á1, P ¼ 0Á010, d.f. ¼ 5), whereas photosynthetically active radiation (PAR) was the opposite (t ¼ 2Á6,
Inner branches of trees in the canopy are also light-limited, and photosynthesis mainly depends on unpredictable sun-flecks (Zhang et al., 2009) . Furthermore, for the epiphytes, water and nutrients are relatively richer in the junctions between trunks and branches of trees than in the trunks or branches, and even in the small scale of the junctions they are richer in the centre than outside the centre (Ingram and Nadkarni, 1993; Chen et al., 2010) .
In the montane moist evergreen broadleaved forests on Ailao Mountain, there are more than 600 epiphytic species, including 114 epiphytic ferns and lycophytes (Li et al., 2014) . Epiphytic ferns account for 52-53 % of vascular epiphytic biodiversity there (Xu and Liu, 2005; Hsu and Wolf, 2009 ).
Experimental design
Single-ramet experiment. On 28-30 November 2012, we selected 60 relatively young and 60 relatively old ramets of S. griffithiana from both an epiphytic habitat (in the interstices of bark and in the junctions of trunks or branches of host trees) and a terrestrial habitat (on the ground of the forest understorey). The young ramet was the first ramet nearest the tip of a rhizome, and the relatively old ramet was the second or the third ramet from the tip. Ramets from the same host trees (i.e. phorophytes) were at least 50 cm apart, and those from different phorophytes were at least 2 m apart. Epiphytic ramets (i.e. ramets on phorophytes or from epiphytic habitats) were on 20 phorophytes, and terrestrial ramets (i.e. ramets on the ground) were in three 20 Â 30-m 2 sites. The 20 phorophytes were also located within the three sites. The genetic background of the ramets was unknown and we were unsure whether ramets on adjacent phorophytes or plots belonged to different genets. Half of the ramets in each location from each habitat were randomly assigned to rhizome disconnection (severed ramets) or connection (intact ramets) treatments. For the disconnection treatment, the two rhizome internodes at the two ends of the ramet were carefully exposed and cut off halfway from the ramet (Supplementary Data Fig. S2B ). For the connection treatment, the rhizome internodes of the ramet were also carefully exposed, but no cut was made. After the treatments, the soil, if any, was backfilled. On 28-30 April 2013, the survival status of all ramets was noted and the surviving ramets were harvested. We measured frond length, width and thickness, and stipe length and diameter as morphological measures, and above-ground (lamina plus stipe) and below-ground (rhizome plus root) dry mass as growth measures. Before harvest, we also measured maximum quantum yield of PS II (F v /F m ) as a physiological measure using a portable fluorometer (FSM-2; Hansatech, King's Lynn, UK).
Plot experiment. We selected 20 small plots (10 Â 10 cm 2 ) and 20 large plots (20 Â 20 cm 2 ). The initial number of ramets ranged from three to five in the small plots and from seven to ten in the large ones. It did not differ significantly between the connection and the disconnection treatments in either the small plots (3Á65 6 0Á18 vs. 3Á65 6 0Á20; mean 6 s.e., n ¼ 20; F < 0Á001, P ¼ 1Á000) or the large plots (7Á30 6 0Á35 vs. 7Á15 6 0Á33; mean 6 s.e., n ¼ 20; F ¼ 0Á34, P ¼ 0Á562). Although ramet density in the small plots was twice that in the large plots, these were the values we commonly found in the field (Supplementary Data Fig. S2A ). Some of the ramets within a plot were interconnected and some were not (personal observation during harvest). Plots were at least 2 m apart. In the terrestrial habitat the plots were located within three 20 Â 30-m 2 sites, and in the epiphytic habitat, the plots were located on 20 phorophytes distributed also within the three sites. For the disconnection treatment in the epiphytic habitat, the rhizomes, roots and bryophytes along the edges of each plot were cut with a sharp blade so that ramets inside the plot were disconnected from those outside the plot. For the disconnection treatment in the terrestrial habitat, the soil along the edges of the plot was cut down with a sharp blade to a depth of 20-30 cm (Du et al., 2010) , which was sufficient to sever all rhizomes of S. griffithiana. Half (ten) of both the small and the large plots were used for the rhizome disconnection treatment and the other half (ten) were for the rhizome connection treatment (Fig. S2C) . For the rhizome connection treatment, the microsite conditions along the edges of the plots were also disturbed in the same way as the rhizome disconnection treatment, except that the rhizomes were not severed (Fig. S2C) . The experiment started on 30 November 2012 and ended on 30 April 2013. At the end of the experiment, we counted the number of surviving ramets in each plot, and measured maximum quantum yield of PS II (F v /F m ) using a portable fluorometer (FSM-2) on two randomly selected ramets in each small plot and three randomly selected ramets in each large plot. We also measured frond length, width and thickness, and stipe length and diameter of each surviving ramet in each plot. We then harvested aboveground (lamina and stipe) and below-ground part (rhizomes and roots) of all surviving ramets in each plot.
Statistical analyses
We used a generalized linear model to test effects of rhizome connection (with vs. without clonal integration), habitat (epiphytic vs. terrestrial) and age (old vs. young) on the survival probability of single ramets. For this analysis, survival probability was modelled using a binomial error distribution and logit link function (McCullagh and Nelder, 1989) . We used threeway ANOVA to test effects of rhizome connection, habitat, age and their interactions on growth (total, and above-ground and below-ground mass), morphology (frond length, width and thickness, stipe length and diameter) and physiology (F v /F m ) of the ramets in the single-ramet experiment. For these analyses, measures of growth, morphology and physiology were modelled using a normal distribution.
For the plot experiment, we expressed the final growth data (number of ramets and biomass) on the basis of per initial ramet because the initial number of ramets differed greatly between the small and the large plots (3Á65 6 0Á13 vs. 7Á23 6 0Á24; mean 6 s.e., n ¼ 40; F ¼ 193Á7, P < 0Á001) and also between the two habitats (epiphytic vs. terrestrial: 6Á38 6 0Á36 vs. 4Á50 6 0Á25; mean 6 s.e., n ¼ 40; F ¼ 17Á0, P < 0Á001). We used three-way ANOVA to test the effects of rhizome connection, habitat, plot size and their interactions on growth (number of ramets, total mass, above-ground and below-ground mass) per initial ramet, morphology (frond length, width and thickness, stipe length and diameter) and physiology (F v /F m ) of the ramets in the plot experiment. All variables in the plot experiment were modelled using a normal distribution.
For variables that were analysed using ANOVA, data were checked for normality using a Kolmogorov-Smirnov test and homogeneity of variance using Levene's test. Data were transformed to the square-root or natural-logarithm to meet the assumptions of ANOVA if needed. Statistical analyses were carried out with SPSS 19.0 and R software (R Development Core Team, 2012).
RESULTS

Single-ramet experiment
Overall, rhizome disconnection (likelihood ratio v 2 ¼ 71Á20, P < 0Á001) and habitat (v 2 ¼ 7Á28, P ¼ 0Á007) significantly affected survival probability of the single ramets of S. griffithiana, but ramet age (v 2 ¼ 0Á84, P ¼ 0Á358) did not (Fig. 1A) . When the rhizome was connected, all ramets but one survived in both epiphytic and terrestrial habitats (Fig. 1A) . However, when the rhizome was disconnected, survivorship decreased to 70 % in the terrestrial habitat and 45 % in the epiphytic habitat (Fig. 1A) .
Rhizome disconnection significantly decreased total, aboveground and below-ground mass of the single ramet of S. griffithiana, and such an effect did not depend on habitat or ramet age (Table 1 , Fig. 1B-D) . Total and below-ground mass were significantly higher in the terrestrial habitat than in the epiphytic habitat (Table 1, Fig. 1B, D) , and total and above-ground mass were significantly greater when the ramet was relatively old than when it was relatively young ( Table 1, Fig. 1B, C) .
Rhizome disconnection significantly decreased F v /F m of the single ramet of S. griffithiana; such an effect did not depend on habitat, but was greater when the ramet was relatively old than when it was young (Table 1: S Â A effect P < 0Á05, Fig. 2A ). Rhizome disconnection did not significantly affect frond length or frond width (Table 1, Fig. 2B , C, E), but significantly decreased frond thickness and stipe diameter (Table 1, Fig. 2D,  F) . The negative effect of disconnection on frond thickness was greater in the epiphytic habitat than in the terrestrial habitat (Table 1: S Â H effect P < 0Á001, Fig. 2D ), and when the ramet was relatively old than when it was young (Table 1: S Â A effect P < 0Á05, Table 1 , Fig. 2D ).
Plot experiment
On the basis of per initial ramet, rhizome disconnection significantly decreased number of ramets, and total, above-ground and below-ground mass of S. griffithiana in the plot experiment (Table 2 : severance effect P < 0Á01). The negative effect of rhizome disconnection on the number of ramets was significantly larger in the epiphytic habitat than in the terrestrial habitat *** P < 0Á001, **P < 0Á01, *P < 0Á05 and # P < 0Á1. † Square-root transformation. ‡ Log transformation. Table 2 : S Â H effect P < 0Á05) and that on total and below-ground mass tended to be larger (Fig. 3B , D, Table 2 : S Â H effect P < 0Á1). Also, the negative effect on the number of ramets was significantly greater when the plot size was small than when it was large (Fig. 3A , Table 2 : SÂ P effect P < 0Á01). There was no significant effect of severance Â habitat Â plot size on ramet number or biomass (Table 2) . Rhizome disconnection had little effect on F v /F m , frond length and width, or stipe length and diameter in the plot experiment (Table 2 , Fig. 4A-C, E, F) . Frond thickness was significantly larger in the small plot in the epiphytic habitat, but did not differ in the large plot in the epiphytic habitat or in the small or large plot in the terrestrial habitat (Table 2: S Â H, S Â P and S Â H Â P effect P < 0Á05, Fig. 4D) 
DISCUSSION
Both the single-ramet and the plot experiment showed that rhizome connection contributed greatly to survival and growth of the facultative epiphytic fern S. griffithiana in both forest canopies and forest understories. The effects were mainly due to resource sharing (clonal integration), although it is unclear what resources were shared, which could be addressed using isotope labelling in future studies (Jackson et al., 1985) . In forests where epiphytes are abundant, such as the subtropical montane moist evergreen broadleaved forest of our study area, environmental conditions are harsh (You et al., 2013a, b, c) and facultative epiphytes growing in canopies may suffer frequently from water and nutrient shortage and those in understories from low light (Chazdon and Pearcy, 1991; Poorter et al., 2005; Lowman and Schowalter, 2012; Qi et al., 2012; Li et al., 2014) . Even in the rainy season in tropical rain forests, short-term drought stress occurs regularly in the canopy (Windsor, 1990; Zotz and Thomas, 1999; Watkins et al., 2007) . Furthermore, water, nutrients and light are distributed heterogeneously at small scales both in space and in time (Cardelús and Mack, 2010; Bartels and Chen, 2010; Freschi et al., 2010; Lowman and Schowalter, 2012; Reyes-Garcia et al., 2012) . In such stressful and heterogeneous environments, keeping rhizome connection and thus the functioning of clonal integration may confer facultatively clonal epiphytes with great advantages by alleviating the negative effects of water and nutrient shortage and/or low light and making better use of the heterogeneously distributed resources (de Kroon et al., 1991; Alpert, 1999; Alpert et al., 2003; Hutchings and Wijesinghe, 2008; Janeček et al., 2008; Song et al., 2013) .
Results of both experiments also suggested that the effects of clonal integration on survival and/or growth of S. griffithiana were stronger in forest canopies than in forest understories, supporting the hypothesis that stronger integration is favoured in more stressful and/or more heterogeneous environments (Caraco and Kelly, 1991; Jónsdóttir and Watson, 1997; Alpert, 1999; Alpert et al., 2003; Chen et al., 2006; Nilsson and D'Hertefeldt, 2008; D'Hertefeldt et al., 2014) . Facultative epiphytes growing in forest canopies usually suffer from water and nutrient stress more frequently than those in forest understories (Lowman and Schowalter, 2012; Qi et al., 2012; Li et al., 2014) . Furthermore, other abiotic conditions such as temperature were more spatially and temporally variable in forest canopies than in forest understories (Lowman and Schowalter, 2012; You et al., 2013b, c) . Both theoretical (Caraco and Kelly, 1991; Alpert, 1999) and empirical (Alpert, 1999; Alpert et al., 2003; Chen et al., 2006; D'Hertefeldt et al., 2014) studies have shown that genotypes with a high degree of clonal integration were favoured when growing in more stressful and/or more heterogeneous environments. Forest canopies are harsher and more heterogeneous in resource supply (e.g. water and nutrients) than forest understories (Laube and Zotz, 2003; You et al., 2013b, c; Li et al., 2014) , and thus may favour genotypes of epiphytes with a higher degree of integration (Alpert et al., 2003) . We therefore hypothesize that there may exist genetic differentiation between the S. griffithiana ramets in forest canopies and those in forest understories. This hypothesis could be tested by a reciprocal transplant experiment between the two habitats using two sets of identical ramets collected from forest canopies and forest understories, respectively.
Unlike the rhizomes of terrestrial plants on forest floors, rhizomes of epiphytes in forest canopies may have an additional function of anchoring epiphytes to phorophytes because many adventitious roots can be formed along the rhizomes (Schneider, 2000 (Schneider, , 2013 Tsutsumi and Kato, 2006) . So far, however, there has been little study to test the effect of rhizome connection on the anchoring capability of epiphytes *** P < 0Á001, **P < 0Á01, *P < 0Á05 and # P < 0Á1. † Square-root transformation. ‡ Log transformation.
to phorophytes. We therefore hypothesize that connected ramets of epiphytes would be more easily anchored to phorophytes than disconnected ramets, and that selection thus may favour epiphytes with long-lasting, connected rhizomes than those with short-lasting rhizomes. We did observe that rhizomes of S. griffithiana and adventitious roots along rhizomes remained connected and alive even if some ramets along the rhizomes had died. However, our experimental set-up did not allow us to separate the effects of clonal integration from those of anchoring. It would be promising to design experiments to test the roles of rhizome connection in anchoring of epiphytes to phorophytes.
The effect of rhizome connection on survival and growth of S. griffithiana did not vary with the age of the ramet, although the effect on F v /F m was larger in the relatively old than in the young ramets. Previous studies showed that the effect of clonal integration on survival or growth was more positive for offspring ramets than for parent ramets (Nielsen and Pedersen, 2000; Cullen et al., 2005) or for young ramets than for old ramets (Alpert et al., 2002) . There are two possible explanations for this discrepancy. First, in our study the old ramets were only relatively old, and their size was very similar to that of the young ramets. Therefore, they may have the same resource collecting and stress-resistance abilities, and depend on clonal integration to a similar degree (see Du et al., 2010) . In future studies, ramets differing more greatly in age should be used to test the potential dependence of physiological integration on ramet age. Second, for this facultatively epiphytic fern, the extent of clonal integration was likely to be very high in both canopies and understories. Therefore, more ramets contribute to the resources imported by the single ramet, no matter whether it was young or old.
Although below-ground mass per initial ramet was much higher in the plot experiment (epiphytic & terrestrial: 0Á289 6 0Á031 vs. 0Á268 6 0Á006 g, respectively; mean 6 s.e., n ¼ 40; Fig. 3D ) than in the single-ramet experiment (epiphytic & terrestrial: 0Á134 6 0Á007 vs. 0Á151 6 0Á007 g, respectively; mean 6 s.e., n ¼ 60; Fig. 1D ), the two experiments produced similar results regarding the effect of clonal integration and its dependence on habitats (Tables 1 and 2 ; Figs 1 and 3) . Thus, our study provides robust evidence that clonal integration plays important roles in the adaption of the clonal facultatively epiphytic fern in subtropical forests, especially in the dry season when drought occurs (You et al., 2013a, b, c) . On the other hand, it has been suggested that clonal integration may confer costs to clonal plants (Jackson et al., 1985) . For instance, it may decrease performance of donor ramets that export resources (Wang et al., 2009) and allow systemic diseases to spread within clonal networks (Jackson et al., 1985; D'Hertefeldt and van der Putten, 1998) . Furthermore, maintaining clonal connection needs additional energy to deal with the respiration of inter-ramet connectors (Jackson et al., 1985) . However, the design of our experiments did not allow us to test the potential costs of clonal integration in the epiphytic fern because we did not monitor survival and growth of donor ramets. Further studies could be designed to examine the costs of integration in both forest canopies and understories.
CONCLUSIONS
The effects of rhizome connection on survival and growth of the facultatively epiphytic fern were more important in forest canopies than in forest understories. The effects of rhizome connections were mainly due to resource sharing (clonal integration), but increasing anchoring capacity may be an additional mechanism. Further studies should be designed to separate the effects of clonal integration from those of anchoring, and a reciprocal transplant experiment and a multi-species comparison are also needed to address the general question of the vital roles of rhizome connection in forest canopies and forest understories.
SUPPLEMENTARY DATA
Supplementary data are available online at www.aob.oxfordjournals.org and consist of the following. Figure S1 : rainfall and air temperature in the dry and wet seasons. Figure S2 : locations of epiphytes and experimental design.
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